The radiation stability of biocompatibile magnetic fluid used in nanomedicine after electron irradiation was studied. Two types of the water-based magnetic fluids were prepared. The first one was based on the magnetite nanoparticles stabilized by one surfactant natrium oleate. The second one was biocompatibile magnetic fluid stabilized with two surfactants, natrium oleate as a first surfactant and Poly(ethylene glycol) (PEG) as a second surfactant. The magnetization measurements showed that electron irradiation up to 1000Gy caused 50% reduction of saturation magnetization in the case of the first sample with only one surfactant while in the case of the second biocompatibile magnetic fluid, only 25% reduction of saturation magnetization was observed. In the first magnetic fluid the radiation caused the higher sedimentation of the magnetic particles than in the second case, when magnetic particles are covered also with PEG. The obtained results show that PEG behave as a protective element.
Introduction
Nanotechnology is beginning to allow scientist, engineers and physicians to work at the cellular and molecular levels to produce major advances in the life sciences and healthcare. Ferrofluids or magnetic fluids (dispersions of magnetic nanoparticles in liquids) belong to complex systems widely studied in modern nanoscience. Magnetic nanoparticles show remarkable phenomena such as superparamagnetism, high field irreversibility, high saturation field that make them very attractive for applications in biomedicine for example in drug targeting delivery, magnetic hyperthermia, arrangement of biological assemblies, contrast agents in Magnetic Resonance Imaging, biomagnetic separation [1] . Biomedical applications require the magnetic particles to be stable in water at neutral pH and physiological salinity. The colloidal stability of magnetic fluids [2, 3] will depend on the dimensions of particles, which should be sufficiently small to avoid of aggregation and on the surfactant commonly a monolayer of oleic acid (steric repulsion), or the particles are prevented from sticking to each other by electrostatic bilayer (electrostatic repulsion) [4, 5, 6, 7] . Moreover, for in vivo applications the magnetic particles must be coated with biocompatibile polymer [8, 9] . Magnetic hyperthermia is one of the widely studied application of magnetic fluids in medicine [10, 11, 12, 13] . In work [13] , the combined thermotherapy and radiation with 20 Gy was shown to be significantly more effective than radiation with 20 Gy alone. Up to now there is very poor information about influence of radiation on the physical properties of the magnetic fluids. To our knowledge there is one publication [14] where influence of gamma radiation on magnetic properties of magnetic particles in the kerosene-based magnetic fluids. From the point of basic and applied research it is very important to study the physical properties and colloidal stability of magnetic fluids after radiation that are used for bioaplications.
The aim of this paper was to study the stability of the magnetic properties of two types of water-based magnetic fluids suitable for bioaplications. With the aim to confirm the immobilization of natrium oleate and PEG to the magnetic particles, Fourier transform infrared (FTIR) spectra of the pure natrium oleate and PEG and after adsorption on the magnetite were measured by FTIR spectrometer FTLA2000 instrument (ABB, resolution 4 cm −1 ) by the KBr pellet method. In this method, the solid sample is finely pulverized with pure and dry KBr, the mixture is pressed in a hydraulic press to form a transparent pellet, and the spectrum of the pellet is measured. Morphology and size distribution of prepared samples were obtained from transmission electron microscopy and Scanning electron microscopy (SEM). TEM showed nearly spherical shape of the magnetite core of the prepared magnetic fluids with average diameter 5 nm ( Fig. 1 ). 
Experiment

Results and discussion
The prepared samples, water-based magnetic fluid containing magnetic particles coated with natrium oleate and water-based magnetic fluid containing magnetic particles coated with natrium oleate as a first surfactant and PEG as a second surfactant were irradiated with different fluences 1.65×10 10 , 6.6×10 10 , 3.3×10 11 ,
1.65×10 12 , 3.3×10 12 electrons/cm 2 that corresponds doses 5Gy, 20Gy, 100Gy, 500Gy and 1000Gy, respectively.
All studied samples were placed in the screw capped vials. One week after irradiation the upper parts of magnetic fluids were withdrawn for magnetisation measurements. The magnetization curves of the samples before irradiation and after irradiation with different doses of the magnetic fluid containing magnetic nanopar- As possible mechanisms of magnetism degradation after irradiation can be considered nuclear reactions, ionization processes and degradation of surfactant molecules. However, there are no nuclear reaction at the used electron energy 8MeV. So the only possible processes at the used electron energy are ionization and molecules destroying that could lead to the aggregation of the particles. On the other hand, the decrease of magnetization has saturating behaviour and after sedimentation that occurs after irradiation there is no additional sedimentation and samples are time stable. 
Conclusion
In summary, the magnetization measurements showed that electron irradiation up to 1000Gy caused 50% reduction of saturation magnetization in the case of the sample with only one surfactant. In the case of the second biocompatibile magnetic fluid, only 25 % reduction of the saturation magnetization was observed. The obtained results showed that the radiation causes aggregation of the particles and consequently their sedimentation. The infrared spectra confirmed that the process that causes the sedimentation after irradiation is ionization. However, in the case when magnetic particles were covered also with PEG, the obtained results showed that PEG behave as a protective element. Moreover, after first sedimentation process that occurs after irradiation, there is no further sedimentation and the sample with one surfactant as well as the sample with two surfactants are time stable. 
